We present a case study from offshore north-west Australia where two different workflows to quantitatively interpret seismic inversion attributes based on a rock physics and statistical framework were applied and compared. The first method, statistical rock physics, used a supervised facies classification of the seismic inversion attributes based on a Bayesian approach, using well log information as training data. From this workflow, the probability of occurrence of each facies and a volume of the most likely litho-fluid facies were estimated. These are fundamental tools used to characterize the location of pay facies with a corresponding uncertainty.
Introduction
Quantitative interpretation of seismic inversion attributes using a rock physics framework is a key and fundamental task in the oil industry. The results obtained are of major importance for the identification of the best locations for well placements, understanding the variation of petrophysical properties in the reservoir, identification of the reservoir boundaries, reserve quantification, static and dynamic reservoir model building, and, exploration or exploitation plan design and execution. This paper compares two methodologies for carrying out the aforementioned task in a gas-bearing reservoir located offshore Australia, using attributes from a deterministic model based pre-stack seismic inversion.
The first methodology that was applied was a statistical rock physics (SRP) approach. This workflow, described by Mukerji et al., (2001) and Avseth et al. (2005) , combines petrophysics and rock physics information with classification and estimation techniques to interpret seismic attributes. The second methodology that was applied was the multiattribute rotation scheme (MARS) (Alvarez et al., 2015) . This method is a hybrid rock-physics/statistical approach that uses a global search algorithm to estimate a customized transform for each geologic setting to predict target petrophysical properties from elastic attributes.
Litho-fluid facies estimation from SRP
The SRP method applied in this case study to carry out the litho-fluid facies estimation was a non-parametric Bayesian classification.
This technique has the advantage of quantifying the interpretation uncertainty and the misclassification risk at each spatial location (Avseth et al., 2005) . The SRP methodology applied can be divided into three steps: Well-log analysis and litho-fluid facies definition, 2D probability density function (PDF) estimation, and Bayesian classification of the elastic seismic attributes. In the first step, cut-offs based on volumetric concentrations of minerals and fluids obtained from the petrophysical evaluation were used to define a discrete log of litho-fluid facies comprising the four most important facies that were found in the available well: gas sands, wet sands, shales and limestones. (Figure 1a ). In the next step, these litho-fluid facies were cross-plotted in an elastic attribute space parameterized by Ip versus Vp/Vs, which are two of elastic attributes that can be obtained from a pre-stack simultaneous inversion of seismic data, and the result was used to define 2D non-parametric PDF's of each of the litho-fluid facies previously defined. The result is shown in Figure 1b . From this figure is can be seen that there is a very good separation between the pay facies (clean gas sand) from the non-pay facies (clean wet sand, shale and limestones), however there is a high degree of overlap between the non-pay facies, especially between the clean wet sand and the shale facies. The last step in the workflow involves carrying out a supervised facies classification of the seismically-derived elastic attributes based on a Bayesian approach to predict the spatial distribution of the defined litho-fluid facies using the welllog information as a training data. Bayes' formula was used for this goal, which for our case allows us to express the probability of a particular litho-fluid facies given the observed elastic attributes, e.g. for the case of gas sand facies posterior probability estimation the Bayes' formula (equation 1) is: Notice that the conditional probability values that were obtained reflect the distribution of PDFs used for computation as expected. For the prior probability, a similar value was used for all the facies given the limited prior information (only a single well was available in the area). Finally, once the probability for all the litho-fluid classes, given the observed Ip and Vp/Vs attributes, were computed for each single sample in the zone of interest the most likely litho-fluid facies per sample based on its corresponding posterior probability was assigned. Figure  2e shows a cross-section of the most likely litho-fluid facies volume, overlaid by the volume of clay and gas saturation log. The result is in good agreement with the well log data, especially predicting the location of the fluid contact previously identified with the well-log data. The dashed yellow line shows the interpreted extension of GWC which looks slightly tilted since this is a time domain section. This volume of litho-fluid facies plays a very important role in the reservoir characterization and reserve estimation of the reservoir.
Hydrocarbon pore volume estimation using MARS
The multi-attribute rotation scheme (MARS) (Alvarez et al., 2015) was used to estimate a cube of the hydrocarbon pore volume of the rock (HPV) from seismic inversion attributes. This is a key petrophysical property that combines information on the hydrocarbon saturation (1-Sw), the porosity (, and the clay content of the rock (Vclay) (equation 2), which also has the advantage that when spatially integrated in a region D, provides information about the total volume of hydrocarbon (TVH) at reservoir conditions in that region (equation 3). . Figure 4 . Cross-section of the estimated cube of HPV, overlaid by the volume of clay and gas saturation logs. The dashed yellow line indicates the position of the interpreted GWC which looks tilted since this is a time domain section, and is in good agreement with the GWC interpreted using well-log data.
MARS uses a numerical solution to estimate a transform to predict petrophysical properties from elastic attributes. This transform is computed from well log-derived elastic attributes and petrophysical properties, and posteriorly applied to seismically-derived elastic attributes. The methodology estimates a new attribute τ in the direction of maximum change of a target property in an n-dimensional Euclidean space formed by n attributes and subsequently scales this attribute to units of the target property. MARS uses an exhaustive evaluation of all possible n-dimensional spaces (formed by n attributes) and angles to find an attribute τ that represents the global maximum correlation with the target petrophysical property. For the HPV estimation, MARS was run for a 2D combination of the 64 elastic attributes shown in Figure 3a , which can be derived from Ip and Is, resulting in the evaluation of 2016 independent bi-dimensional spaces. Figure 3b , 3c and 3d show a comparison between the actual and predicted target petrophysical property using MARS in the optimal elastic attribute space (Poisson's ratio vs 1/) determined by the algorithm, as well as, in the spatial domain respectively. The result show a good correlation (0.9419) between the actual and predicted property that supports the application of the MARS-derived transform to seismically derived elastic attributes to estimate sections of the target petrophysical properties. A cross-section of the resultant HPV volume perpendicular to the structure, along with the corresponding well-log information is shown in Figure 4 . Notice the good match between the seismic and well information and the consistency with the litho-fluid facies volume (Figure 2 ).
Conclusions
SRP and MARS are two robust methods to predict petrophysical properties from elastic attributes using a rock physics and statistical framework. For the case study shown, consistent reservoir property volumes were generated from elastic attributes using these workflows. SRP has the advantage of using a Bayesian probabilistic approach to find the most likely solution and quantify the uncertainty in the prediction. On the other hand, MARS, uses a global search algorithm that finds the best elastic attribute space to estimate an optimal transform to estimate a target petrophysical property from elastic data. It is worth mentioning that the quality of the results also depend on the accuracy of the seismic inversion products, which can be affected by the noise level of the seismic data. The resultant reservoir property volumes obtained from these two workflows can be used in production and exploration settings for reservoir characterization and delineation and as soft variables in geostatistical workflows for static model generation and reserve estimation.
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